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Multivariate statistical techniques and modem analogue analysis of the Lake Wangoom pollen record 
were used to reconstruct vegetation change in western Victoria (Australia) over the last 200,000 years. 
Stratigraphically unconstrained correlation eoelTieient analysis w as used to compare the representation of 
pollen taxa throughout the sequence. Ten pollen associations have been determined, from which it is possi¬ 
ble to identify vegetation community types represented in the record. These include elements of warm tem¬ 
perate rainforest not previously suspeeted as having occurred in the region during the Late Quaternary. A 
stratigraphically unconstrained dissimilarity coefficient analysis was used to compare pollen speetra in the 
sequence. From this, thirteen key pollen assemblages have been identified. Inverse analysis of pollen taxa 
was undertaken to produec pollen associations representing the mosaic of vegetation types present in the 
region at the time ol'sediment deposition. Interpretation of the pollen assemblages was assisted using mod¬ 
em analogue analysis. 

The record reveals a complex pattern of cyclical shifts in the composition ofthc vegetation in the region 
overlain by long term trends in vegetation composition. Three major and distinct phases of forest and wood¬ 
land expansion, which chronologically equate to the I loloeene. Last Interglacial and latter part of the Penul¬ 
timate Interglacial, have been identified. In addition, an apparently short phase of Eucalyptus and rainforest 
expansion occurred during the Penultimate Glacial period. This is distinguished from the other forest phases 
by its high representation of a distinctive type ofAsteraceae, which is commonly associated with glacial 
complexes. Open grassland, heath and herblield communities were widespread during die driest glacial phases, 
with limited occurrences of semi-arid woodland and scrub. Dry selerophyll forest, woodland and temperate 
grassland communities expanded during climatically intermediate phases. A trend to more open-canopied 
vegetation in the last ea 50 kyrs maybe related to increased levels of burning, possibly anthropogenic and/or 
volcanic in origin. 
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THE PRESENT native vegetation of the Western Vic¬ 
torian volcanic plains is characterised by sweeping 
grasslands, scattered stands of euealypt-doniinated 
woodland and dry selerophyll forest and remnant 
patches of Casuarinaeeae woodland. Palynologieal 
records from the region indicate that this has not al¬ 
ways been the ease, with evidence for short term as 
well as long term shifts in the composition and rela¬ 
tive importance of various vegetation types (see 
Kershaw et al. this volume). Even within the reeent 
past there is clear evidence in these records that co¬ 


lonial settlers had a drastie effeet on the regional 
vegetation. Sharp decreases in arboreal taxa associ¬ 
ated with increases in Poaecac provide evidence for 
tree clearance and establishment of open pasture, 
whilst the appearance of exotie speeies, such as Finns, 
attest to the establishment and spread of introduced 
speeies (D’Costa et al. 1989; Dodson, 1974a; Edney 
et al. 1990; Cell et al, 1994; Kershaw et al. this vol¬ 
ume). Going further back in time, Holocene se¬ 
quences indicate that open Eucalyptus woodland was 
dominant in western Victoria during the middle to 
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Fig. 1. Map of the study region showing pre-European regional vegetation (after the Australian Surveying and Land Information Group, 1990), mean annual precipitation (mm/yr) (Parkinson, 1986), the study 
site and other sites mentioned in the text. (ME) Mount Eccles, (TH) Tower Hill, (LT) Lake Terang, (PM) Pejark Marsh. 
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late Holocene, whilst Casuarinaceae dominated com¬ 
munities were more widespread during the early 
Holocene (eg. Crowley & Kershaw 1994; D’Costa, 
et al. 1989; Dodson 1974a; Edney ct al. 1990; Head 
1988; Luly 1993). In contrast, trees were sparse dur¬ 
ing the height of the Last Glacial period, with open 
semi-arid steppe, hcrbfield and scrub communities 
dominant (D'Costa et al. 1989; Crowley & Kershaw 
1994; Dodson 1979; Edney ct al. 1990; Harle et al, 
1999). Unfortunately, there are very few pre- 
Holoccnc records from the region. Of these, the Lake 
Wangoom sequence provides the longest and most 
continuous late Quaternary record, extending from 
the Penultimate Interglacial to the present (Harle et 
al. 2002; Harle 1998). Other records from the region 
of similar or longer duration are either very discon¬ 
tinuous (Lake Tcrang, D’Costa & Kershaw 1995) or 
do not extend into the Late Pleistocene (Pejark Marsh, 
Wagstaff et al. 2001; Kershaw et al. this volume). 
The Lake Wangoom record, therefore, is extremely 
important to the reconstruction of late Quaternary 
environments in western Victoria. 

Previous interpretation of the Lake Wangoom 
record has been largely based on the representation 
of a limited number of significant taxa, with the fo¬ 
cus on broad-scale vegetation changes in response to 
climate fluctuations as well as on questions of chro¬ 
nology (Edney et al. 1990; Harle et al. 1999; Harle 
et al. 2002). This paper presents a much more de¬ 
tailed analysis of a 41 m long pollen record from the 
site, utilising the full range of dryland palynomorphs 
identified. The interpretation of this large dataset is 
complicated by uncertainty over the relationships 
between pollen spectra and source vegetation as well 
as the difficulty in recognising many Australian 
palynomorphs beyond generic or even family level. 
These uncertainties have implications for the recon¬ 
struction of vegetation communities. The problem is 
exacerbated in long records, such as the Lake 
Wangoom sequence, where questions over species 
and community extinction become apparent with in¬ 
fluences such as long-term climate change and an¬ 
thropogenic activities, including use of fire. 

Two approaches have been adopted in this study 
in an attempt to overcome some of the difficulties 
associated with interpreting such a complex dataset. 
Firstly, multivariate statistical analyses have been 
applied to the Lake Wangoom paly nostratigraphy, 
based on the assumption that pollen taxa with fre¬ 
quent co-occurrence in fossil assemblages are more 
likely to have been associated in life than those that 
are not (Harris and Norris 1972). From this analysis. 


pollen associations and assemblages were identified, 
the former being used to provide evidence of source 
vegetation communities (including those now locally 
extinct) and the latter to determine the mosaic of 
communities making up the regional vegetation. To 
enhance these findings, a second approach was also 
adopted using modem analogue analysis. This en¬ 
tailed the quantitative identification of closest mod¬ 
ern analogues for each fossil pollen assemblage us¬ 
ing the Southeast Australian Recent Pollen Database 
developed by Kershaw et al.( 1994a) and D’Costa & 
Kershaw (1997). The combined results are used to 
provide a detailed reconstruction of dryland regional 
vegetation in western Victoria over the last 200,000 
years. 


SITE LOCATION AND REGIONAL 
VEGETATION 

Lake Wangoom (142°36’ E 38°21’S, altitude 100 m 
asl) is located on the southern margin of the western 
Victorian volcanic plains, 9.5 km from the coast (Fig. 
1). It is a simple volcanic maar approximately 1200 
m in diameter (Ollier 1967) which has been partially 
filled by sediment (Edney ct al. 1990). Prior to Euro¬ 
pean settlement in the 1840s, Lake Wangoom had a 
water depth of around 8 m (Bonwick 1970). It is cur¬ 
rently drained and is dry in all but the wettest win¬ 
ters. 

Regionally, Lake Wangoom is located within a 
broad climatic and vegetation gradient trending south¬ 
east to northwest (Fig. I). Variation in the vegeta¬ 
tion is influenced by climate, soils and human im¬ 
pact. Drier communities generally occur in the west¬ 
ern and north-central areas. Wet forest communities, 
largely dominated by Eucalyptus , are widespread in 
the east and southeast. Temperate rainforest, domi¬ 
nated by Nothofagus cimninghamii , grows in isolated 
patches in the Otway Ranges and the Central High¬ 
lands. Since European settlement in the 1840s (Sayers 
1972), the natural vegetation of western Victoria has 
been extensively cleared, mainly for pasture, and 
exotic species (eg. Piuus radiata and Cuprcssus spp.) 
have been introduced. 


METHODOLOGY 

Core collection and sampling 
The Lake Wangoom pollen record has been con¬ 
structed from a combination of cores extracted from 
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the centre of the site. The majority of the sequence 
described is based on a 41.5 m long core (LW87) 
collected in 1987 using a Spcedstar percussion drill¬ 
ing rig. Unfortunately, the top 1.8 m and sediments 
between 8.5 and 11 m were not recovered. These 
gaps were filled using samples from a 20.6 m core 
(LW84) originally analysed by Edney (1987), and 
collected in 1984 using a Gemco drilling rig and a 
Livingstone sampler. 

The LAV87 core was sampled for sediment, pol¬ 
len and charcoal analyses at 20 cm intervals. The top 
1.8 m of the LW84 core was sampled at 10 cm inter¬ 
vals and sediments between 8.5 and 11 m at 20 cm 
intervals. 


Dating 

A chronology for the record has been established us¬ 
ing radiocarbon and uranium/thorium disequilibrium 
techniques. Sampling, methods and results of the 
application of dating to this record are described and 
discussed in Harle et al. (2002). Dates acquired arc 
shown in Fig, 4. 

Sediment analyses 

The sediments of the Lake Wangoom 41.5 m core 
were analysed for organic, inorganic and carbonate 
contents through combustion of oven dried samples 
in a muffle furnace at 550 °C and 1000 °C respec¬ 
tively, with the residue after ignition representing 
the inorganic and carbonate content. 

The magnetic susceptibility of the sediments was 
measured using the Barrington Magnetic Suscepti¬ 
bility Meter (Barrington 1983). Susceptibility read¬ 
ings were corrected for magnetic drift, diamagnet¬ 
ism and sample mass. Results are plotted in Fig. 4. 


Pollen and eltareoal analyses 

Samples (1 cm 3 ) were prepared for pollen and char¬ 
coal analyses using the standard methods of potas¬ 
sium hydroxide digestion, hydrofluoric acid treatment 
and acetolysis (Faegri & Iverson 1989). The 
palynological residues were mounted on microscope 
slides in silicon oil (AK2000) and counted on a BH 
Olympus microscope at x600 magnification until a 
minimum of 150 pollen grains and spores of taxa 
included in the pollen sum was achieved. Based on 


Size Class ( m ) Possible Species 


> 28m 

Alloeasuarina verticil lata, 
Alloeasuarina littoral is, 

A. luclmtanii , 


A. muellerana and 


Alloeasuarina tuma 

23-27m 

A lloeasuarina palndosa, 

A .pus ilia, Casnarina eristata 

<23 m 

Possibly C. eristata ? 


Table 1. Subdivision of Casuarinaceae pollen (after of Kershaw, 

1970; Dodson, 1974b, 1975) 


studies of pollen dispersal in southeast Australia (eg. 
Hope 1974; Maephail 1979; Dodson 1982/83, Hill 
& Maephail 1985; Kershaw ct al. 1994a; D’Costa & 
Kershaw 1997), the pollen sum was designed to re¬ 
flect the regional vegetation and consisted of the fol¬ 
lowing taxa: Lagarostrobos , Phyllocladns, 
Nothofagus cinminghamii, Cyatbea, Dieksoina, Eu- 
ealyptus , Casuarinaceae, Dodouaea , Pomaderris, 
Gyrostemonaceac, Astcraceae and Poaceae. 

For the majority of taxa, identification was re¬ 
stricted to genus or family level. One species of eu- 
calypt was tentatively distinguished (Eucalyptus 
spatliulato type) with the remainder being divided 
into Eucalyptus spp. and a large Angophora like type 
(Eueahptus/Aiigoplwra ). Melaleuca was divided into 
a general species group (Melaleuca spp.) and the 
distinctive Melaleuca squamea . Adapting the classi¬ 
fications of Kershaw (1970), Dodson (1974b, 1975) 
and Edney (1987), three size classes of Casuarinaceae 
were separated on measurements of the equatorial 
diameter. These are outlined in Table 1. Two tribes 
of Astcraccac were recognised: Tubuliflorae and 
Liguliflorae. The former was subdivided into a type 
possessing sharp, generally long eehinae (type A) and 
a type with short, blunt eehinae (type B) (see Edney 
1987). The Asteraceae Liguli Horae identified in the 
sequence is of the Taraxacuin-iy\yz (sec Head 1984; 
Feucr&Tomb 1977; Wodehouse 1935). Taraxacum - 
type species occurring in Australia today are the in¬ 
troduced species Taraxacum officinale , the possibly 
native Pier is hievaeioides var. squarrosa and the 
native species Microseris scapigera and Taraxacum 
aristnm (Hnatiuk 1990). In addition to extant main¬ 
land taxa, a number of palynomorphs were identi- 
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Tied that are likely to be derived from Tertiary 
sediments. These include; Dacrydinmites , 
Cupaniehlites ortho theichus, Nothofagus subgenus 
Brassospova, and Nothofagus subgenus Fuscaspora- 
type 

Charcoal was identified as opaque black or dark 
brown particles with irregular From. It was counted 
using the Point Count Method of Clark (1982). 

The pollen data were expressed as percentages 
of the pollen sum using the TIL1A pollen statistical 
program (Grimm 1991). Tl LI AGRA PH (Grimm, 
1991) was used to construct the pollen diagrams. 
Pollen concentrations were calculated against vol¬ 
ume of sediment and charcoal was expressed as area 
per cubic centimetre as well as a ratio of the pollen 
concentration (based on the pollen sum). 

To overcome possible differences in counting 
techniques and taxon identification, samples used 
from Edney’s (1987) LW84 pollen record were re¬ 
counted. Unfortunately, Edney (1987) used different 
methods to those outlined above to determine char¬ 
coal and pollen concentrations and the information 
necessary to recalculate these (eg. volumes of sili¬ 
con oil added) was not available. Consequently, it 
was not possible to fill in the gaps in the charcoal 
and pollen concentration records from core LW87 
using data from the LW84 core. 


Statistical analyses of the Lake Wangoom pollen data 
set 

Statistical analyses of the dryland taxa were used to 
identify dryland vegetation associations and 
assemblages. The analyses were conducted on a 
strati graphically unconstrained data set. The aquatic 
and ground fern taxa were excluded in order to reduce 
the impact of local pollen and spore signals. 

Following the recommendations of Overpeck ct 
al. (1985) and Prentice (1980), a correlation 
coefficient method was used for the comparison of 
the pollen taxa whilst a dissimilarity coefficient 
approach (using a Manhattan metric) was used to 
compare the pollen spectra of each of the samples. 
The data were pre-processed by adding one to the 
count value and taking the log of the result in order 
to eliminate problems associated with 0 values as 
well as increasing, without overweighting, the 
importance of minor taxa. It should be noted that the 
associations are based on the strongest alliances 
rather than all the possible associations, as the 


classification technique only allows for a single group 
allocation of each taxon. 


Identification of nearest modern vegetation 
analogues 

Modern analogues in the Southeast Australian Re¬ 
cent Pollen Database (SEAPD) (Kershaw et al. 
1994a: D'Costa & Kershaw 1997) were determined 
for the Lake Wangoom pollen assemblages using a 
dissimilarity coefficient analysis (Prentice 1980; 
Overpcck et al. 1985; Baker et al. 1989). As with the 
analyses of the pollen taxa and pollen spectra, the 
data were log transformed. The modern analogue 
analysis was based on pollen taxa selected accord¬ 
ing to the following criteria: 

1) presence in both the Lake Wangoom record and 
the Southeast Australian Recent Pollen Data¬ 
base; 

2) representation greater than or equal to 10% in 
any one sample; and 

3) strong association with specific pollen assem¬ 
blages. 

The pollen sum used in the SEAPD (D’Costa & 
Kershaw 1997) was extended to include Cyathea and 
Dicksonia , both of which have widely dispersed 
spores (Hill & Macphail 1985). Modem sites with 
significant fluvial input were excluded from the da¬ 
tabase as fluvial transported pollen is likely to cre¬ 
ate an over-representation of vegetation communi¬ 
ties growing some distance from the site. Following 
the recommendations of Kershaw et al. (1994a), taxa 
effectively representing local site communities, such 
as the aquatic taxa, most fern spores and taxa with 
poor pollen dispersal (eg. Melaleuca and Ericaceae) 
were omitted. [The family Epacridaceae has recently 
been included as Slyphcfioidcae within the Ericaceae 
(Kron cl al. 2002)]. This included Apiaccae as many 
researchers had failed to separate the frequently 
aquatic Ifydrocotyle genus from this family. Also 
excluded were Chcnopodiaceae (which is commonly 
over-represented in saline environments) and taxa 
with ambiguous or inconsistent identification in the 
samples contributing to the SEAPD (eg. Apiaceac, 
Myoporaccae and Gyroslcmonaccac). Pollen percent¬ 
ages in the database were subsequently recalculated, 
using raw data where available. 

In all, the following twenty-one taxa were se¬ 
lected for the modern analogue analysis: Acacia, 
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Figure 2a 


Fig. 2. Plot of the dry land pollen associations against the dryland pollen assemblages derived from the stratigraphically unconstrained multivariate analyses of the occurrences of individual pollen taxa and pollen 
spectra in the Lake Wangoom record. Pollen representation is expressed as percentages of the pollen sum. The graph demonstrates the representation of pollen associations in each pollen assemblage. The depths 
of the pollen spectra making up each pollen assemblages are plotted against a horizontal axis. See text for further explanation. 
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Actrrena* Asteraeeae (Tubuliflorae) type A, Asteraeeae 
(Tubuli Horae) type B, Banksia. Ban era* Casuar- 
inaeeae, Coprvsma , Dodonaea\ Elaeoearpaecae, £>/- 
calyptns , Encrypliia , Exocarpos, Noth of ay us 
cunninghamii , Phyllocladm , native Plant ago, 
Poaeeae, Pomadcvris , Cyathea , Dicksonia and 
Ptcridium. 


RESULTS OF THE STATISTICAL AND 
MODERN ANALOGUE ANALYSES 

Eleven dryland taxon associations and thirteen 
dryland pollen assemblages were identified from the 
correlation coefficient analysis of all dryland pollen 
taxa and the dissimilarity coefficient analyses of the 
eore speetra. These arc plotted against eaeh other in 
Fig. 2. 

The nearest modem analogue sites and their sur¬ 
rounding vegetation determined for the pollen spec¬ 
tra in eaeh dryland assemblage are presented in Ta¬ 
ble 2. For location of these sites see D'Costa and 
Kershaw (1997). The statistical distances between 
the pollen spectra in these assemblages and the iden¬ 
tified modern analogue sites are given in Fig. 3 ac¬ 
cording to both sample group and depth. These pro¬ 
vide a measure of the dissimilarity between the ana¬ 
logue and the fossil pollen speetra - thus the smaller 
the distance, the closer the match. 


Dryland pollen associations 

Dryland pollen association l: This association is 
composed principally of taxa that have been identi¬ 
fied as Tertiary. Araueariaeeac, Noth ofay us subgenus 
Brassospora, Cnpanieiditcs and Podoearpaeeac are 
common in Tertiary sediments from southeast Aus¬ 
tralia (Cookson 1957; Cookson & Pike 1953,1954; 
Dettmann et at. 1990; Hekel 1972; Stover & Par¬ 
tridge 1973). The inelusion of Podoearpaeeac, 
Proteaceae and Apiaeeae at first appears incongru¬ 
ous. However, all these families have fossil forms in 
the Tertiary flora: Podacarpm - Padocarpidites 
(Cookson 1947; Hekel 1972) and Parvisaccites 
(Stover & Partridge 1973); Proteaceae - Protcacidites 
(Cookson 1950); and there arc many Tertiary 
trieolporate pollen grains which are similar to mod¬ 
ern Apiaeeae (eg. Santahnniditcs cainozoicns in 
Cookson and Pike 1954, Fig. 68, 69, Plate 2). 

Dryland pollen association II: Pin us and speeies of 


Asteraeeae (Liguliflorae) were introduced to Aus¬ 
tralia by Europeans. This association appears, there¬ 
fore, to be determined by the presence of exotie taxa, 
although there are native species of Asteraeeae 
(Liguliflorae) speeies also represented. 

Dryland pollen association HI: All of the taxa rep¬ 
resented in this association are native or ineludc na¬ 
tive speeies. Potential source plants are predomi¬ 
nantly herbaceous, exeept for Banksia (a small tree 
or shrub) and Muchlenbeckia (a shrub or vine). 
Banksia. Aspcrula and Caryophyllaeeae are wide¬ 
spread through a range of habitats and climates 
(Costcrmans 1989; llnatiuk 1990; Robinson 1997; 
Walsh & Entwisle 1996). Urtica is also found in a 
range of vegetation communities within the cooler 
and wetter areas of southeastern Australia (Curtis 
1956; Walsh & Entwisle 1996), while Muchlenbeckia 
oceurs in woodland and heath communities and on 
the margins of water eourscs, swamps and saline 
lakes (Hnatiuk 1990; Walsh & Entwisle 1996). 
Rnmcx ; which includes exotic speeies, grows on the 
margins of water courses, swamps and lakes within 
temperate regions of southeastern Australia (Hnatiuk 
1990; Walsh & Entwisle 1996). Many of the pollen 
types in this association have poor pollen dispersal 
and are therefore likely to have been derived from a 
local source (Dodson 1977; Dodson 1982/83, Hope 
1974; Hill & Macphail 1985; Kershaw et al. 1994a; 
Maephail 1979). It seems probable, especially with 
the importance of Banksia in this group, that this 
pollen association represents heath (possibly in the 
understorey of temperate woodland) and lake-side 
communities growing in and around the Lake 
Wangoom crater. 

Dryland pollen association IV: The three taxa rep¬ 
resented in this association (Asteraeeae A, Poaeeae 
and the native Plantago) arc all common in open 
vegetation communities, such as grasslands and 
grassy woodlands. Asteraeeae type A pollen has a 
number of additional major sources, including semi- 
arid, coastal and forest communities (Costermans 
1989). All three pollen taxa are well to over-repre- 
sented in pollen surlaee samples. 

Dryland pollen association V: With the exception of 
Casuarinaeeae 23-27m, the taxa in this association 
all generally have traee to very low percentages. 
Potential source plants for the Casuarinaeeae23-27m 
palynomorph include Allocasnarirra palndosa , A. 
pnsilla and Casnarina crist at a (Kershaw 1970; 
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Dryland pollen assemblage Modern analogue sites Surrounding vegetation 


1 

Lake Ranfurlie 

Boomer Swamp 
Bolobek* 

- mallee & Casuarinaeeae woodland 

- euealypt woodland 

- dry selerophyll forest & euealypt woodland 

2 

Lake Jaka 

Lake Ranfurlie 

Lake Crosby 

- Casuarinaeeae woodland 

- mallee & Casuarinaeeae woodland 

- mallee (tall shrubland) 

3 

Sheet of Water 

Lake Jaka 

Lake Ranfurlie 

Lake Cartearong 

- dry selerophyll forest & euealypt woodland 

- Casuarinaeeae woodland 

- mallee & Casuarinaeeae woodland 

- euealypt woodland 

4 

Sheet of Water 

Lake Terang 

Lake Gnotuk 

Boomer Swamp 

- dry selerophyll forest & euealypt woodland 

- euealypt woodland 

- mixed euealypt woodland & grassland 

- euealypt woodland 

5 

Lake Wangoom 

Sheet of Water 

Long Swamp 

Mt Burr 

Lake Terang 

- euealypt woodland 

- dry selerophyll forest & euealypt woodland 

- dry selerophyll forest & euealypt woodland 

- dry selerophyll forest & euealypt woodland 

- euealypt woodland 

6 

Lake Wangoom 

Lake Terang 

Blue Lake (G) 

Salt Lake 

West Basin 

- euealypt woodland 

- euealypt woodland 

- dry selerophyll forest & euealypt woodland 

- dry selerophyll forest & euealypt woodland 

- dry selerophyll & grassland 

7 

Caledonia Fen 

Tiger Snake Swamp 
Lake Terang 

Egg Lagoon 

Cobrieo Swamp 

Lake Flannigan 

- dry selerophyll forest 

- euealypt woodland 

- euealypt woodland 

- wet coastal serub/heath 

- border of dry selerophyll forest & grassland 

- eoastal serub heath 


Table 2. Nearest modem analogue sites for the dryland pollen assemblages based on modem analogue analysis of the pollen spectra. Analogue 
sites are listed in order of similarity, i.e. closest analogues are listed first. * indicates high dissimilarity (i.e. poor analogue) 
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Dryland pollen assemblage 

Modern analogue sites 

Surrounding vegetation 

8 

Greens bush 

Lake Terang 

Long Swamp 

Lake Flannigan 

Lake Crosby 

- eucalypt woodland 

- eucalypt woodland 

- dry sclerophyll forest & euealypt woodland 

- coastal scrub heath 

- malice (tall shrubland) 

9 

Lake Crosby 

Tiger Snake Swamp 
Caledonia Fen 

Lake Ranfurlie 

Lake Lascellcs 

- mallee (tall shrubland) 

- mallee (tall shrubland) 

- dry sclerophyll forest 

- mallee & Casuarinaceae woodland 

- eucalypt woodland 

10 

Lake Crosby 

Breadlebane NW 

Lake Jaka 

Lake Ranfurlie 

Sheet of water 

- mallee (tall shrubland) 

- eucalypt woodland 

- Casuarinaceae woodland 

- mallee & Casuarinaceae woodland 

- dry sclerophyll forest & eucalypt woodland 

11 

Lake Curlip 

Carlisle State Park 

Lake Laseelles 

West Basin 

Egg Lagoon 

Powel Town 

- dry sclerophyll near coastal Banksia scrub 

- wet forest & dry sclerophyll 

- mallee (tall shrubland) 

- border of dry sclerophyll forest & woodland 

- wet coastal scrub/hcath 

- wet forest & dry sclerophyll 

12 

Lake Tarlikamg 

Lake Flannigan 

Chappel Vale 

Caledonia Fen 

Jacksons Bog B 

Lake Terang 

Lake Curlip 

- wet forest, cue. woodland & dry sclerophyll 

forest 

- coastal scrub heath 

- wet forest near dry sclerophyll forest 

- dry sclerophyll forest 

- grassland & eucalypt woodland 

- eucalypt woodland 

- dry sclerophyll near coast 

13 

Egg Lagoon 

Killiecraigie 

Lake Crosby 

Lake Elusive 

Lake Wangoom 

Long Swamp 

- wet coastal scrub/heath 

- wet coastal scrub/hcath near wet forest 

- mallee (tall shrubland) 

- dry sclerophyll forest 

- eucalypt woodland 

- dry sclerophyll forest & eucalypt woodland 


Table 2. continued 
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Dodson 1974b, 1975; Edney 1987). Allocasuarina 
paludosa is common in heath and scrub in coastal 
areas, A. pusilla in heath in coastal and drier regions 
and C. cristata in dry inland woodland communities 
(Costermans 1989; Hnatiuk 1990). Potential source 
plants for the other pollen taxa included in this asso¬ 
ciation grow in a range of environments, from semi- 
arid woodland to subalpine (Costermans 1989; 
Hnatiuk 1990; Walsh & Entwisle 1996). Nearly all 
of them have representatives in drier woodland, 
mallee and semi-arid communities. The exceptions 
are the Encalyptns/Angopohora type (if it is indeed 
Angophora), Nothofagnsfuseospora type, Melaleuca 
squamea , Lagarostrobos and Microstrobos. 
Angophora is restricted to dry forest communities, 
M. squamea occurs in heath on damp ground, 
Microstrobos occurs in alpine areas, Lagarostrobos 
occurs in cool temperate rainforest in Tasmania, and 
the only extant Australia N. fnsea type is N. guunii - 
a Tasmanian endemic occurring in wet subalpine 
communities. It is possible that the N. fuseospora 
type could be reworked Tertiary pollen or, as is po¬ 
tentially the ease with Lagarostrobos, derived by long 
distance transport from Tasmania. Given its prefer¬ 
ence for damp ground, such as occurs in swamps and 
bogs, it is possible that M squamea was derived from 
communities within the Wangoom crater. 

Although there is a potential range of communi¬ 
ties for this association, the dominance of 
Casuarinaceae 23-27|.t suggests the source of much 
of the pollen may have been open woodland, heath 
and semi arid shrubland. The possible presence of 
long-distance dispersed pollen provides support for 
relatively sparse, open vegetation. 

Dryland pollen association VI: Unfortunately the 
source, and in turn the ecology of the dominant pol¬ 
len type in this association, Astcraccac B, is unknown. 
Of the other taxa in this association, Pimelea occurs 
in a range of environments, from wet forest to alpine 
formations; Rubiaeac (excluding Asperula, which is 
analysed separately) grows in dry forest and coastal 
scrub and occasionally rainforest; Glischrocatyon is 
restricted to malice and heath communities; and 
Lcneopogon grows predominantly in coastal, dry 
woodland and mallee communities but can occur in 
montane forest (Costermans 1989; Hnatiuk 1990). 
There has been some debate over the source of the 
Casuarinaceae <23ji pollen type (Singh & Geissler 
1985), although Kershaw (1970) speculated it may 
be derived from Casuarina cristata , which grows in 
semi-arid woodland (Costermans 1989). Overall, the 


uncertain source of some taxa combined with the 
broad geographical spread but limited abundance of 
other taxa suggests that the assemblage may not be 
represented in the present landscape. However, the 
presence of a number of taxa currently growing in 
drier areas suggests the source community was prob¬ 
ably dry. 

Dryland pollen association VII: Apart from 
Casuarinaecae >28p, Chenopodiaceae and 
Haloragaceac, the percentages of the taxa included 
in this association are trace to low. There are a number 
of Casuarinaceae species in southeastern Australia 
that have pollen in the > 28|i size class (see Table 
I). Of these, Allocasuarina muellerana and A. 
leulunannii occur in heath, mallee and semi-arid 
woodland in which Chenopodiaceae is a significant 
component (Costermans 1989). Of the other 
Casuarinaceae species in this size class, A. littoralis 
and A. vertieillata grow in coastal to more inland 
forest, woodland and scrub communities whilst A. 
nana is a sub-alpine species (Costermans 1989). 
Crowley (1994a) argues that the speeies generally 
represented in southern Australian pollen records by 
Casuarinaceae >28p. pollen is Allocasuarina 
vertieillata, which is one of the most salt sensitive 
species of the family. She suggests that its generally 
inverse relationship with Chenopodiaceae in these 
records reflects this salt sensitivity (Crowley 1994a, 
b). There is some evidence of this inverse trend in 
many sections of the Lake Wangoom record, particu¬ 
larly in Pollen Assemblages 12 and 13, which are 
described later. However, Chenopodiaceae and 
Casuarinaceae exhibit similar trends in representa¬ 
tion in Assemblages 1, 9 and 10 (described later), 
suggesting a salt tolerant source plant. Other taxa in 
this association (Aizoaceae, Brassicaceae, Fabaccae, 
Haloragaceac, Lamiaceae and Oreomyrrhis) occur in 
a range of environments, although all are found in 
malice and heath communities. Several species also 
grow in and adjacent to wetlands, with members of 
the Aizoaceae and Brassicaceae families tolerating 
fairly saline conditions (Walsh & Entwisle 1996). 

Overall, this association most probably incorpo¬ 
rates communities of generally dry environments in¬ 
cluding heath, woodland and perhaps communities 
growing adjacent to brackish or saline water. 

Dryland pollen association VIII: T he pollen taxa in 
this association are all derived from trees and shrubs, 
most of which have representatives in forest com¬ 
munities. Eucalyptus is the dominant taxon in tall 
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Fig. 3. Dissimilarity eurves for the modem vegetation analogues determined for the Lake Wangoom reeord (a)Dissimilarity for pollen assemblages, whieh are indicated by numbers 1-13, (b) Dissimilarity 
vs eore depth (m). 
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shrubland and woodland as well as sclerophyll for¬ 
est communities throughout southeast Australia, of¬ 
ten in association with Acacia. Pontaderris occurs 
in both wet sclerophyll and dry sclerophyll forest 
communities, whilst Cvathca and Elaeoearpus are 
restricted to wet forest types. The only native genus 
of Cuprcssaceae in Victoria is CaUitris. It is largely 
restricted to drier communities, such as open forest 
and woodlands, although one species, CaUitris 
rhomboidca , grows in relatively high rainfall areas 
along the eastern seaboard and in eastern Tasmania. 
In western Victoria, CaUitris is currently restricted 
to low open forest in the Grampians and in adjacent 
mallee communities (Costermans 1989). 
Callistemon, Lcptospermum and Melaleuca fre¬ 
quently fringe water courses and swamps 
(Costermans 1989) and therefore could be representa¬ 
tive of sclerophyll vegetation growing around the 
margins of Lake Wangoom. Baeekca and Kinizea , 
both of which have relatively poor pollen dispersal, 
could also be part of communities growing within 
the Wangoom crater. 

Diyland pollen association IX: The source plants of 
most of the pollen taxa in this association arc shrubs 
occurring in heaths, open woodland and scrub on 
sandy soils, particularly in areas of low rainfall ar¬ 
eas and physiological dryness. The exception is the 
herb Hydroeotyle , which although found in a range 
of vegetation communities, the poor dispersal of its 
pollen suggests a predominantly local aquatic and/or 
semi-aquatic (eg, swamp) source. 

Diyland pollen association X: With the exceptions 
of Tctrathcea and Exocarpos, the taxa represented 
in this association are from wet forest communities, 
in particular cool temperate rainforest. Two of the 
taxa (Eu cry phi a and Phyllocladus) are no longer 
extant in Victoria, the latter being confined to tem¬ 
perate rainforest in Tasmania and the former being 
confined to temperate rainforest in both New South 
Wales (Eucryphia moorei) and Tasmania (E. lucida 
and E. milliganii). Tetratheca species in western 
Victoria arc small shrubs of dry forest and heath com¬ 
munities (Curtis 1956; Hnatiuk 1990). The parasitic 
small tree, Exoearpos , occurs in dry forest, semi-arid 
woodland and mallee and as a shrub in subalpinc 
regions of Tasmania and Victoria (Costermans 1989). 
Overall, this association probably gives evidence of 
vegetation communities in the wetter southern and 


eastern areas of the region and dry sclerophyll forest 
in inland areas towards the drier end of the rainfall 
gradient. 

Diyland pollen association XI: This association in¬ 
cludes species occurring in or marginal to temperate 
rainforest communities. Several species, such as 
Aemena smithii. Boronia mucllcri and Codonocarpns 
attenuatns (Gyrostemonaceae), are now predomi¬ 
nantly confined to East Gippsland and coastal NSW, 
where warm temperate rainforest is found. Indeed, 
Aemena is a frequent dominant canopy taxon of this 
rainforest type whilst Dieksonia is an important com¬ 
ponent of the undcrstorcy (Cameron 1992; 
Costermans 1989). Codonocarpus also grows in 
Queensland (Hodkin 1990). Gyrostemonaceae, 
Dodonaea t Boronia , Ericaceae and Liliaceac arc re¬ 
corded in a much wider range of habitats, including 
semi-arid communities. However, their inclusion in 
this association strongly suggests that the major oc¬ 
currence of these palynomoqihs within the sequence, 
particularly where other members of this association 
also occur, are indicative of more humid communi¬ 
ties. Ericaceae and Liliaceac have limited pollen dis¬ 
persal, so it is likely that they were derived from 
plant communities, possibly heath and/or bog com¬ 
munities, growing around the margins of Lake 
Wangoom. 

Diyland pollen assemblages 

Diyland pollen assemblage l: The nine samples in 
this assemblage are characterised by high inter-sam¬ 
ple variation, low diversity and frequent dominance 
by otherwise poorly represented taxa, many of which 
arc considered to be of Tertiary origin or are intro¬ 
duced. Apart from associations 1 and II, representing 
the Tertiary and introduced species, there is high rep¬ 
resentation of associations IV (grassland/ 
herbfield) and VII (open woodland, heath and saline 
communities). It is considered that this assemblage 
consists of two sub-asscmblagcs: i) a European modi¬ 
fied vegetation with introduced taxa and ii) an as¬ 
semblage containing a significant proportion of Ter¬ 
tiary pollen flora, most likely reworked from the Ter¬ 
tiary sediments in the Wangoom tuff. The difficulty 
of separating out reworked pollen significantly re¬ 
duces the ability to reconstruct prevailing vegetation 
and climate. 
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Dtylandpollen assemblage 2: This assemblage con¬ 
sists of twenty-one samples from between 380 and 
850 cm. They arc dominated by taxa in dryland pol¬ 
len association IV (Asteraccac A, Poaceae and the 
native Plantago type), which arc considered to rep¬ 
resent grassland and hcrblleld communities. Consist¬ 
ent with this is the continuous presence of Asteraccac 
(Liguliflorae), which, given the lack of introduced 
taxa in this assemblage, is most likely either 
Microseris scaptgera and/or Taraxacum aristum, 
both being common in grassland and lierbfield com¬ 
munities (Scarlett ct al. 1993). The representation of 
arboreal taxa is the lowest for the diagram, with only 
minor presence of trees and shrub pollen, predomi¬ 
nantly from dryland pollen associations V, VII (open 
woodland, heath and saline communities) and VIII 
(sclerophyll forcst/woodland). The sporadic trace 
presence of rainforest trees and tree ferns would most 
likely have been from long distance dispersal with 
their representation facilitated by the comparatively 
open nature of the regional vegetation. Trace per¬ 
centages of Notbofagus subgenus Brassospora and 
Podocaipaceae in three samples are probably derived 
Irom minor erosion of Tertiary sediments from the 
Wangooni crater. 

The dominance of this pollen assemblage by 
dryland pollen association IV coupled with the mini¬ 
mal occurrence of taxa from other associations, in 
particular the forest associations (associations VIII, 
X and XI), is consistent with the occurrence of ex¬ 
tensive grassland/steppe and lierbfield communities. 
Sparse arboreal cover (less than 10%) is indicated, 
which in turn suggests the presence of very open 
woodland and/or shrubland communities. Some sup¬ 
port for this interpretation is provided by the modern 
analogue analysis which suggests the presence of 
open Casuarinaceae woodland and tall eucalypt 
shrubland (Table 2). 


Dryland pollen assemblage 3: This assemblage, 
which includes thirteen samples from 860 to 1100 
cm, is dominated by dryland pollen association IV, 
indicating a significant presence of grassland/stcppe 
and possibly herbfield. It is very similar to pollen 
assemblage 2, although differs in having a higher 
proportion of Eucalyptus and Chcnopodiaccae, a 
lower representation of Poaceae and a slightly dif¬ 
ferent array of minor taxa. The greater proportion of 
Eucalyptus suggests a denser arboreal cover than in 
assemblage 2, although still low at less than 30%. 
Chcnopodiaccae may have been derived from semi- 


arid communities, coastal communities or saltmarsh 
growing within the Wangoom crater. The lower val¬ 
ues of Poaceae may represent a real reduction in the 
landscape and/or may simply be an artefact of its 
proportional pollen representation being affected by 
the rise in other taxa, eg. Eucalyptus. 

The nearest modem analogues for this assem¬ 
blage are sites in mixed dry sclerophyll forest and 
eucalypt woodland, eucalypt woodland and 
shrubland, and Casuarinaceae woodland (Table 2). 
It is most likely that this assemblage represents a 
mosaic of grassland/steppe and eucalypt and 
Casuarinaceae woodland and shrubland. 


Dryland pollen assemblage 4: This assemblage, 
which incorporates samples from 10 to 60 cm, is 
dominated by dryland pollen association II, indicat¬ 
ing the presence of exotic plants. Also important is 
dryland pollen association IV, with moderate to high 
percentages of Poaceae. Values of between 10 and 
25 % for Eucalyptus and Casuarinaceae >28p sug¬ 
gest they have some importance, although represen¬ 
tation of other arboreal associations, in particular the 
forest associations (X and XI) is minimal. Trace per¬ 
centages of Acacia. Banksxa, Leptospernnnn and 
Melaleuca , all of which have poor pollen dispersal 
capabilities, suggest they occurred within the 
Wangoom crater. 

Overall, this assemblage is indicative of vegeta¬ 
tion modified by Europeans, with the presence of 
introduced taxa and a mosaic of open eucalypt and 
Casuarinaceae woodland and widespread grasslands. 
This reconstruction is supported to some degree by 
the modem analogue analysis, which suggests the 
occurrence of a mixture of eucalypt woodland and 
dry sclerophyll forest (Table 2). 


Dryland pollen assemblage 5: Samples from 70 to 
240 cm are included in this assemblage. They are 
dominated by Eucalyptus and Poaceae and to a lesser 
extent Casuarinaceae >28|j. The three most impor¬ 
tant pollen associations arc Ill (heath and lake mar¬ 
gin communities), VI11 (sclerophyll forest compo¬ 
nents) and IV (grassland/steppe), although the latter 
is really only represented by Poaceae with consist¬ 
ently low values of Asteraceae A and native Plan- 
tago. 

As with assemblage 4, the existence of open 
woodlands with grassy understorcys is implied. The 
moderately high percentages of Eucalyptus and the 
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consistent representation of other taxa from dryland 
pollen association VIII suggest that cucalypt forest 
may also have been present. Corroboration is pro¬ 
vided by the closest modem analogues, which occur 
in eucalypt woodland, dry sclcrophyll forest and in 
mixed eucalypt woodland/grassland communities. 
Low dissimilarity values indicate that these are close 
analogues (Fig. 3). 

The continuous presence of pollen association III 
suggests heath/wctland communities may have ex¬ 
isted around the site, with Banksici , Muehlenbeckia, 
Rnmex and minor occurrences of Urtica and perhaps 
Melaleuca and Leptospenmuu. 

Diyland pollen assemblage 6. Incorporating seven 
samples between 260 and 370 cm. the palynoflora of 
this assemblage is similar to that of Assemblage 4. 
It is dominated by Poaceae, has low to moderate per¬ 
centages of Eucalyptus and Casuarinaceae >28j_t, low 
but consistent representation of Astcraccae A and 
Chenopodiaceae and an absence of Asteraceac B. The 
major differences from assemblage 4 include the 
absence of exotic pollen association II, a more con¬ 
sistent representation of taxa from dryland pollen 
association III (heath and lake margin communities) 
and higher, more consistent representation of dryland 
pollen assemblage VIII (sclerophyll forest) in par¬ 
ticular Cupressaceae, Pomaderris, Melaleuca, as well 
as ferns, especially Pterklinm, 

This assemblage appears to represent a mosaic 
of vegetation types including woodland (dominated 
by Eucalyptus, Casuarinaceae and Cupressaceae), 
grassland (including as understorey to open wood¬ 
land), dry sclcrophyll forest and a relatively well 
developed swamp around the margins of Lake 
Wangoom. The closest modern analogues occur 
within woodland and dry sclcrophyll communities 
(Table 2). 


Dryland pollen assemblage 7. This assemblage in¬ 
cludes eight samples from a variety of depths (1640, 
1660,2020-2060,2700,3160 and 3200 cm). Dryland 
pollen association IV (grassland/stcppe) is the best 
represented with moderate percentages of Asteraceae 
A and Poaceae. Dryland pollen association VIII 
(sclerophyll forcst/woodland) is of some significance, 
with moderate to low values of Cupressaceae, Euca¬ 
lyptus, Leptospenmuu and Melaleuca and the low 
but consistent presence of Acacia, Baeckea, 
Call)stem on,, Cyathea and Pomaderris, Also impor¬ 


tant are Asteraceae B (pollen association VI), which 
has moderate percentages, and the low but continu¬ 
ous presence of Pterklinm, The overall representa¬ 
tion of arboreal taxa is moderately high, principally 
due to the number of arboreal taxa present rather 
than large percentages of any one type. The lack of 
any clear dominant taxa or community types suggests 
that the regional vegetation was composed of a mo¬ 
saic of types, including dry sclcrophyll forest (domi¬ 
nated by Eucalyptus and perhaps ). open Eucalyptus 
and Casuarinaceae woodland, grassland, herblleld 
and some minor occurrences of wet sclcrophyll (in¬ 
dicated by the presence of wet forest taxa such as 
Pomaderris and Cyathea), This mixed pattern of 
vegetation is certainly apparent in the modem ana¬ 
logue analysis, with closest analogues including wet 
coastal scrub/hcath, tall shmbland (mallec), euca¬ 
lypt woodland and dry sclerophyll forest (Table 2). 

Diyland pollen assemblage 8 . Dryland pollen assem¬ 
blage 8 is composed of ten samples close to the base 
of the core (3580, 3600,3700-3860,3940,3960 cm). 
It is dominated by Casuarinaceae >28|i (dryland as¬ 
sociation VII - dry hcath/woodland), which has its 
highest percentages for the sequence, although other 
taxa from this association arc not well represented. 
Dryland pollen association VIII (sclcrophyll forest/ 
woodland) has some importance, with moderate per¬ 
centages of Cupressaceae and Eucalyptus and con¬ 
sistent but low values of Acacia, Leptospermum, 
Melaleuca, Pomaderris, Cyathea and Knnzea. 
Dryland pollen association XI (wet forest/temperate 
rainforest) is moderately well represented. There is 
some presence of dryland pollen association IV 
(grassland/stcppc), with moderate percentages of 
Astcraccae A, moderate to low values of Poaceae and 
low values of the native Plantago, Overall, the her¬ 
baceous taxa arc relatively poorly represented. 

The dominance of this assemblage by 
Casuarinaceae >28 pollen suggests the widespread 
occurrence of Casuarinaceae (most probably 
Allocasuarina verticillata) woodland and/or forest. 
Eucalyptus and Cupressaceae may have been sub¬ 
dominants or could have formed more restricted oc¬ 
currences of other woodland and forest types. 

The proportionally high percentages of Dodonaea 
and Gyrostemonaeeae may have been derived from 
relatively dry communities, such as semi-arid wood¬ 
land or heath. However, the presence of other taxa 
from pollen association XI suggests that their source 
was wet forest possibly marginal to temperate rain- 
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forest. Indeed, the presence of wet forest components 
from dryland pollen associations VI11, X and XI (eg. 
Cyathea, Elaeocarpaccae, Pomaderris , Aetnata and 
Phyllocladus) indicate that small patches of wet 
sclerophyll and perhaps rainforest communities oc¬ 
curred within the region. 

The closest modem analogues (Table 2) exhibit 
a moderately high dissimilarity to this assemblage. 
The analogues selected by the analysis consist of a 
mix of eucalypt woodland, dry sclerophyll forest, 
coast scrub/heath and mallee shrubland. The latter 
were probably selected because of their reasonably 
important Casuarinaceac component. 

Dryland pollen assemblage 9. This assemblage in¬ 
cludes thirty-six samples between 1740 and 3360 cm. 
It is dominated by dryland association IV (grassland/ 
steppe) and Asteraceae B (pollen association VI). 
There arc moderate percentages of taxa from dryland 
association Vll (dry hcath/woodland). Taxa from the 
dryland pollen associations indicative of forest com¬ 
munities have low to trace representation. 
Casuarinaceac >28|i is the best represented of the 
arboreal taxa, with moderate percentages. 
Cupressaceae representation ranges from moderate 
to absent, whilst Eucalyptus percentages are gener¬ 
ally low. There is an array of other trees and shrubs, 
such as Acacia , Banksia, Baeckea, Kunzea, 
Leptospennwn and Dodonaea , but all with very low 
to trace values. 

The palynoflora of this assemblage indicates the 
widespread occurrence of grassland/steppc and 
herbfield communities. The presence of Acaena sug¬ 
gests that some at least of this grassland was tem¬ 
perate rather than semi-arid. The presence of open 
woodland, mainly Casuarinaceac dominated, and 
some heath is also implied. Trace percentages of wet 
forest taxa, such as Cyathea , may have been derived 
from small isolated patches of wet forest communi¬ 
ties in the region, although probably some distance 
from the study site. It is a pity that the ecology of 
Asteraceae B is unknown, as its high percentages in 
this assemblage indicates that it was a significant 
component of the landscape. 

The modem analogues analysis indicates a range 
of open forest, woodland and shrubland communi¬ 
ties, including mallee, Casuarinaceac and eucalypt 
woodland and to a lesser degree dry sclerophyll for¬ 
est (Table 2). 


Dryland pollen assemblage 10. Thirty samples, rang¬ 
ing in depth from 1120 cm to 4150 cm, are included 
in this assemblage. Overall, it is very similar to 
dryland pollen assemblage 9, being dominated by the 
herbaceous and woody/herbaceous taxa, in particu¬ 
lar dryland pollen association IV (grassland/steppe), 
Asteraceae B and Chcnopodiaceac. However, it has 
a higher representation of pollen associations V and 
VI as well as Eucalyptus (slightlyj, Melaleuca , 
Orcomyrrhis and Chcnopodiaceae. It also includes 
two taxa from dryland pollen association 1 
(Nothofagus subgenus Brassospora and Podo- 
carpaccae), suggesting some possible minor contami¬ 
nation by Tertiary sediments. 

This assemblage indicates a regional vegetation 
composed largely of grassland/steppe, herbfield and 
dry heath with scattered stands of scrub and wood¬ 
land in more sheltered and higher rainfall areas. The 
drier communities are implied by the combination 
of reasonably high percentages of Casuarinaceac 23- 
27|i and Chenopodiaceae together with the presence 
of a suite of taxa found in semi-arid environments, 
such as Beyeria , Bur sari a, leucopogon, Bora - 
ginaceae and Glisehmcaiyon. Melaleuca may also 
have been derived from such communities. The mod¬ 
ern analogue analysis provides support for the pres¬ 
ence of dry communities, with analogues generally 
consisting of open and semi-arid woodland and 
shrubland (Table 2). Heath communities are likely 
to have included Banks ia, Rhamnaccae and perhaps 
Hydrocotyle and Orcomyrrhis. 


Dryland pollen assemblage 11. Incorporating four¬ 
teen samples from between 2080 and 4140 cm, this 
assemblage is dominated by arboreal taxa, in par¬ 
ticular those in dryland association VIII (sclerophyll 
forest/woodland). Also important are taxa from 
dryland pollen association XI (wet forest, especially 
warm temperate), with the highest percentages in the 
sequence of Acmena and Dicksonia. There are trace 
to low percentages of most taxa from dryland pollen 
associations IX (heath/woodland shrubs) and X (wet 
forest, especially cool temperate), including 
Nothofagus cunninghamii and Phyllocladus. The 
woody/herbaceous and herbaceous taxa are poorly 
represented, with very low percentages of Asteraceae, 
Poaccae and the native Plant ago. 

The dominance of this assemblage by dryland 
pollen association VI11 implies eucalypt forest was 
widespread, with much higher proportions of 
Cupressaceae and Acacia than is evident today. High 
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percentages of Pomaderris coupled with the pres¬ 
ence of other wet forest components, such as the tree 
ferns (Cyathea and Dicksoniu), indicate that a sig¬ 
nificant component of the eucalypt forest was wet 
sclerophyll forest. Low but consistent percentages of 
rainforest trees (eg. Nothofagus cwminghamii and 
PhyUocladus) and the presence of taxa in dryland 
pollen association XI strongly suggests that stands 
of cool temperate rainforest and elements of warm 
temperate rainforest also existed in the region. It is 
not clear whether the latter actually fonned commu¬ 
nities of warm temperate rainforest or were merely 
relict components within other wet forest communi¬ 
ties, such as cool temperate rainforest. 

Support for forest domination, including the oc¬ 
currence of wetter forest types, is provided by the 
closest modem analogues, which include both wet 
and dry sclerophyll communities (Table 2). 

The sources of the high percentages of 
Lcptospcrmnm and Melaleuca are likely to have been 
heath and shmbland in the Wangoom crater. Such 
communities may also have included other Myrtaccae 
(eg. Baeckca and Kunzea) and various heath species 
(eg. Ericaceae and Mono toco). The ferns, with the 
possible exception of Pteridium, which may have 
been widespread in the understorey of open forest 
and woodland communities, were also likely to have 
been local. 


Dryland pollen assemblage 12. This assemblage cov¬ 
ers a continuous sequence of samples from 2220 to 
2380 cm. It is very similar to dryland pollen assem¬ 
blage 11 in that it is dominated by arboreal taxa, in 
particular those occurring in dryland pollen associa¬ 
tion VII1 (sclerophyll forest/woodland). However, it 
has a higher representation of Asteraccac A, 
Chenopodiaceae, Kunzea and taxa from dryland pol¬ 
len association (X). it also has a lower representa¬ 
tion of Casuarinaceae, Asteraceae 13, Pomaderris and 
taxa from dryland pollen association XI, most sig¬ 
nificantly Acmena , Dodouaea and Dicksonia (the 
latter being absent). This assemblage has a greater 
presence of cool temperate rainforest than in assem¬ 
blage 11 with a much reduced occurrence of warm 
temperate rainforest components. The widespread 
occurrence of wet sclerophyll and some dry 
sclerophyll forest is also implied, perhaps with some 
occurrence of woodland communities. 

As in dryland pollen assemblage II, the source 
of high percentages of Melafcuea, Leptospcnnum and 
other myrtaceous and heath taxa may have been heath 


and scrub communities occurring within the 
Wangoom crater. The reduced representation of 
Asteraceae B within this assemblage suggests that 
environmental conditions suitable lor the expansion 
of cool temperate rainforest were detrimental for the 
source species of this palynoinorph. The overall 
impression of a mosaic of wet and dry forest com¬ 
munities and woodland is reflected in the closest 
modem analogues (Table 2). 


Dryland pollen assemblage 13. Eleven samples, from 
a range of depths between 2400 and 3640 cm, make 
up this final assemblage. As with the previous two 
assemblages. Eucalyptus and other taxa in dryland 
pollen association VI11 (sclerophyll forest/woodland) 
are dominant. The highest values for Acacia and 
Eucalyptus are recorded. Taxa in dryland pollen as¬ 
sociation IX (heath/woodland shrubs) arc also well 
represented. There arc markedly lower values, how¬ 
ever, of rainforest taxa. Dryland pollen association 
IV (grassland/steppe), Casuarinaceae and 
Chenopodiaceae have moderately low percentages. 

This pollen assemblage indicates eucalypt 
forest dominated the region, a significant proportion 
of which was likely to have been wet sclerophyll. 
High percentages ofCuprcssaccae suggest it was also 
important, most likely as a co-dominant with Euca¬ 
lyptus in forest and woodland communities. Some 
presence of dry sclerophyll forest is suggested by the 
moderately high values of Pteridium. The presence 
of woodland, heath and scrub communities are also 
implied, particularly by the high percentages of 
Melaleuca , Leptospermwn and taxa in dryland pol¬ 
len association IX. The relatively high influence of 
scrub and heath communities probably reflects the 
vegetation within the Wangoom basin. General sup¬ 
port for this pattern of regional vegetation is pro¬ 
vided by the closest modem analogues (Table 2). 


RECONSTRUCTION OF THE LATE 
QUATERNARY VEGETATION AND 
ENVIRONMENTS OF WESTERN VICTORIA 
FROM THE COMPOSITE LAKE WANGOOM 
RECORD 

The composite Lake Wangoom dryland pollen record 
is plotted against core depth in Fig. 4. It lias been 
zoned with the assistance of the results from the dis¬ 
similarity coefficient analysis of the pollen samples. 
Biostratigraphic zones implied by the pollen assem- 
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blagcs were ignored where they involved the isola¬ 
tion of an individual sample. The main assemblage(s) 
represented in each zone are plotted along with the 
ferns, total percentage of aquatic taxa, pollen con¬ 
centrations, area of charcoal, ratio of charcoal to pol¬ 
len concentration and radiometric dates acquired for 
the sequence to assist interpretation and establish¬ 
ment of the chronology. Where possible, the zones 
have been related tentatively to the marine isotope 
stratigraphy of Martinson ct al. (1987). 

Interpretation of the charcoal record 

Interpretation of charcoal evidence can be problem¬ 
atic as no direct relationship between vegetation, lire 
and the charcoal produced by it has been established 
(Clark 1982; McKenzie 1989; Winkler 1985). Ex¬ 
pression of the area of charcoal as a ratio of the pol¬ 
len concentration potentially reduces variables asso¬ 
ciated with sediment accumulation rates and sedi¬ 
ment compression. It is more difficult, however, to 
assess variation in the influx of charcoal into a closed 
basin caused by the filtering effect of local vegeta¬ 
tion. Examination of the Lake Wangoom charcoal 
record (Fig. 4) reveals that through most of the record, 
the highest raw charcoal concentrations arc associ¬ 
ated with the lowest representation of aquatic taxa. 
There is a visible reduction in the area of charcoal at 
the beginning of zone LW 14 in association with a 
sharp increase in percentage representation of aquatic 
taxa. This strongly suggests that the presence of 
aquatic vegetation in the lake had a filtering effect 
on the quantity of charcoal deposited in the lake 
sediments and hence in the core. For this record, 
therefore, high charcoal concentrations will only be 
taken as evidence of increased fire frequency or in¬ 
tensity where they are obviously not influenced by 
aquatic plant representation of changes in particle 
concentration. 


Zone LW23 . Consisting of a single sample from the 
base of the core (4150 cm), this zone is quite distinct 
from those above both on a palynological and 
scdimcntalogical basis. The sharp sedimentary 
boundary between this sample and the one above 
raises the possibility of a hiatus. It is therefore diffi¬ 
cult to place an age on the sample. 

The pollen of this sample falls into dryland pol¬ 
len assemblage 10 and together with the closest ana¬ 
logues, suggests the regional vegetation consisted of 


a mosaic of grassland, Casuarinaceae woodland, open 
shrubland and a limited extent of open eucalypt wood¬ 
land. Conditions, therefore, appear to have been drier 
than today. Moderately high charcoal values (very 
high when expressed as a ratio to pollen concentra¬ 
tion) provide evidence for fire in the region. 

Zones LW22-19 (The Penultimate Interglacial). Ura¬ 
nium/thorium disequilibrium (UTD) dates and sus¬ 
tained high arboreal representation suggest that zones 
LW22 to LW 19 occurred during the Penultimate Inter¬ 
glacial. Overall, this period is characterised by the 
presence of rainforest trees, tree ferns and ground 
ferns, high values of trees and shrubs and low repre¬ 
sentation of woody/herbaceous and herbaceous taxa. 
The regional vegetation appears to have been domi¬ 
nated by forest and woodland communities, with a 
significant presence of wetter forest types. However, 
the composition of the forest varied throughout the 
period, with alternating dominance of Pollen Assem¬ 
blages 11,8 and 13. 

Zone LW22, dominated by Pollen Assemblage 
11, indicates the widespread occurrence of wet 
sclcrophyll and dry selerophyll forest as well as tem¬ 
perate woodland, with Cupressaceae (likely to be 
Callitris) as well as Eucalyptus forming the canopy. 
There is some hint of the presence of remnants of 
warm temperate rainforest with the occurrence of 
Pollen Association XI. There may also have been very 
minor occurrences of cool temperate rainforest. Both 
of these rainforest types may have grown in shel¬ 
tered locations, probably within the Otway Ranges. 
Leptospermwn and Melaleuca heath and scrub com¬ 
munities most likely grew within and around the 
Wangoom crater. 

Pollen Assemblage 8 dominates zone LW21, in¬ 
dicating that the regional vegetation became more 
open, with Casuarinaceae (probably Allocasuarina) 
open forest and/or woodland largely replacing Euca¬ 
lyptus and Cupressaceae (most likely Callitris) for¬ 
est communities. Some trace presence of wet 
sclcrophyll forest and rainforest is indicated. The lack 
of good modem analogues for this assemblage im¬ 
plies that the vegetation landscape was rather differ¬ 
ent to any extant in the region. 

Zone LW20 shows a return to vegetation similar 
to that in zone LW22, although evidence for wet 
sclcrophyll forest is reduced with lower values of 
Pomaderris. In contrast to zone LW22, where Euca¬ 
lyptus gives way to Cupressaceae, Cupressaceae is 
prominent early, with Eucalyptus becoming domi¬ 
nant in the latter stages. 
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The return to dominance in zone LW19 of Pollen 
Assemblage 8 indicates the return to the more open, 
Casuarinaceae dominated vegetation present during 
the period represented by zone LW21. 

The shifts in vegetation evident during the Pe¬ 
nultimate Interglacial were most likely caused by fluc¬ 
tuations in climate, in particular effective precipita¬ 
tion. The transition from the dominance of wet 
sclerophyll and dry sclcrophyll forest in zone LW22 
to more open Casuarinaceae dominated forest and 
woodland in zone LW21 implies a decrease in effec¬ 
tive precipitation. The reverse is suggested with the 
re-expansion of wetter forest types in zone LW20. 
Effective precipitation then appears to have decreased 
again with the rc-cmergence of Casuarinaceae domi¬ 
nated communities at the expense of Eucalyptus and 
Cupressaceae (probably Callitris) dominated com¬ 
munities in zone LW19. These apparent climatic 
shifts do not seem to have substantially affected the 
incidence or intensity of fire in the region, as revealed 
by the consistently low charcoal to pollen ratio. Given 
this low ratio, the moderately high and variable char¬ 
coal values arc likely to be the product of particle 
concentration in a deep water lake rather than any 
significant burning in the region. 

Zones LW18-13 (The Penultimate Glacial). There ap¬ 
pear to be three major phases within this period - 
two indicating very open canopied vegetation sepa¬ 
rated by a middle phase with fluctuation between 
woodland and forest communities and drier more 
open canopied vegetation. The earliest phase, zone 
LWI8, is dominated by Pollen Assemblages 9 and 
10, indicating the widespread expansion of grassland 
and herbfield, as well as dry open woodland, 
shrubland and heath, most probably in response to a 
decrease in annual effective precipitation. The com¬ 
munities containing woody taxa were dominated by 
Casuarinaceae (at least two species) with Eucalyp¬ 
tus and Cupressaceae (Callitris) possibly in areas of 
slightly higher annual effective precipitation. Small, 
isolated stands of dry sclcrophyll forest may also have 
occurred in higher rainfall areas, such as the slopes 
of the Otway Ranges. Asteraceac B is significant in 
both these assemblages. However, the lack of knowl¬ 
edge about its source prevents interpretation of its 
ecological or climatic significance. Slightly elevated 
charcoal to pollen ratios during this phase suggest a 
higher incidence and/or intensity of fire in the re¬ 
gion than experienced during the Penultimate Inter¬ 
glacial. 


The second phase is identified by dramatic and 
short-term fluctuations of Pollen Assemblages 13, 7 
and 9. The stratigraphy suggests a fairly rapid and 
marked regional expansion in zone LW 17 of Euca¬ 
lyptus and Cupressaceae (likely Callitris) dominated 
forest and woodland communities, including a mi¬ 
nor component of wet sclerophyll forest (Pollen As¬ 
semblage 13). This was followed by an opening up 
of the regional vegetation in zone LW16, with the 
expansion of grassland and herbfield, either as 
understorey in woodland and scrub and/or as discrete 
communities (Pollen Assemblage 7). This trend con¬ 
tinued into zone LW15, with a return to the open 
grassland, herbfield, woodland and shrubland com¬ 
munities of zone LW 18 (Pollen Assemblage 9). 
There appears to have been a brief re-expansion of 
forest and closed woodland communities (Pollen 
Assemblage 13) in Zone LWI4. However, this evi¬ 
dence is based on one sample and would require 
analysis of intervening samples in order to confirm 
it as being a real event, rather than potential con¬ 
tamination. Asteraceac B remained important 
throughout. Overall, this phase appears to have been 
one of fluctuating effective precipitation, with an 
initial rise (zone LWI7) followed by a gradual de¬ 
cline (zones LW16 to LWI5) and then a possible 
sharp increase (zone LWI4). The eharcoal/pollen 
ratio suggests low levels of burning in the region at a 
slightly reduced scale than in the previous phase. 

The final phase within the Penultimate Glacial, 
zone LW 13, appears to have been a sustained period 
dominated by Pollen Assemblage 9. The lack of Pol¬ 
len Assemblage 10, in comparison to zone LWI8, 
suggests a more open regional vegetation, with wide¬ 
spread grassland and herbfield communities and 
pockets of open woodland in sheltered locations. The 
latter were dominated by Casuarinaceae, although 
Eucalyptus and Cupressaceae (probably Callitris) 
were also present. As with the previous zones in the 
Penultimate Glacial, Astcraceae B remained impor¬ 
tant. The evidence suggests effective precipitation 
was low. The incidcncc/intcnsity of fire in the region 
during this phase does not appear to have changed 
much from the low levels recorded in zones LW17 to 
14. 


Zone LW12 (The Last Interglacial). Based on UTD 
dates and the significant and sustained dominance 
of arboreal taxa, zone LW12 is interpreted as span¬ 
ning the Last Interglacial. Unfortunately the large 
uncertainties of the UTD dates (see Marie ct al. 2002) 
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prevent a definite assessment of the exact relation¬ 
ship this zone has to marine oxygen isotope stage 5 
(01S 5), in particular the number of substages it in¬ 
cludes. The height of the Last Interglacial (corre¬ 
sponding to substage 5c; Martinson et al. 1987) is 
certainly present. This period is divided into two 
phases (subzones LWI2ii and 125) based on changes 
in the nature of arboreal communities represented. 

Defined by Pollen Assemblage 13, subzone I2ii 
represents a phase where increased effective precipi¬ 
tation caused a rapid expansion of forest communi¬ 
ties, in particular eucalypt-dominated wet sclerophyll 
and dry sclerophyll forest with a significant 
Cupressaccae (most likely Callitris) component. 
Woodland communities are also suggested as being 
present in the region. Heath and scrub arc indicated 
as being important, with pollen probably being de¬ 
rived mainly from within the Wangoom crater. A peak 
in the charcoal to pollen concentration ratio in the 
middle of this phase suggests a short phase of in¬ 
creased frequency in burning. Higher fuel loads as¬ 
sociated with the expansion of forest communities 
may have contributed to this. 

Subzone 12i is dominated by dryland pollen as¬ 
semblages 12 and II (the latter towards the top). 
The former indicates the expansion of cool temper¬ 
ate rainforest in the region whilst the latter suggests 
a subsequent expansion of warm temperate rainfor¬ 
est elements. Both probably expanded from sheltered 
moist gullies in the Otway Ranges and perhaps in 
isolated and sheltered locations along the coast and 
in river valleys (such as at the Hopkins River). The 
rainforest expansion, although limited in extent, was 
probably in response to an increase in effective pre¬ 
cipitation, with levels well above those of today. 
There are also some possible temperature implica¬ 
tions for the increase in warm temperate rainforest 
elements towards the lop of the zone. Woodland com¬ 
munities were probably also present, although the 
lower representation of Pollen Association IX sug¬ 
gests a reduction in heath and scrub components. 
Leptospenniun and Melaleuca probably continued to 
dominate the vegetation on the margins of the 
Wangoom crater. There appears to have been a drop 
in the level and/or intensity of burning in the region, 
indicated by the decrease in the area of charcoal and 
most significantly by the reduced charcoal/pollen 
ratio. 


Zones LWll-3 (The Last Glacial). More open cano¬ 
pied and drier vegetation within zones 11 -3 suggest 


a period of significantly reduced effective precipita¬ 
tion, which most likely equates to the Last Cdacial 
period. 

The early part of this period is characterised by 
reduced effective precipitation, with the expansion 
in the region of dry sclerophyll forest, eucalypt wood¬ 
land, scrub and grassland communities (zone LW11, 
Pollen Assemblage 7). This was followed by the re¬ 
placement of forest and closed woodland with open 
grassland, herbfield and scattered semi-arid wood¬ 
land/scrub (zone LW10, Pollen Assemblage 9). Per¬ 
centages of Asteraceac B increased during this phase, 
becoming significant in zone LW10, indicating its 
importance in the early Last Glacial flora of the re¬ 
gion. The local vegetation around Lake Wangoom also 
appears to have become progressively more open, 
with lower values for Melaleuca and Leptospenniun. 
Both charcoal curves suggest that the level of burn¬ 
ing in the region remained moderately low. 

Some climatic recovery is suggested by the mi¬ 
nor re-expansion of woodland and scrub communi¬ 
ties at the base of zone LW9. This heralds the com¬ 
mencement of a complex phase (zones LW9 to LW6) 
where the expansion and contraction of woodland 
and scrub, and in particular the changing importance 
of Eucalyptus, provides evidence for fluctuations in 
effective precipitation. This phase is interpreted as 
an interstadial within the Last Glacial. Open grass¬ 
land and herbfield, as well the source of the 
Astcraccae B pollen, appear to have remained wide¬ 
spread throughout the interstadial, whereas the ex¬ 
pansion of woodland and scrub communities peaked 
at the beginning (subzone LW9v). This suggests high¬ 
est effective precipitation occurred at the beginning 
of the interstadial. Following this peak, a cyclical 
trend of expanding and contracting woodland and 
scrub communities was overlain by an apparent gen¬ 
eral decline in the representation of arboreal taxa. 
This pattern is best illustrated by decreasing repre¬ 
sentation of Eucalyptus , with its possible replace¬ 
ment by Melaleuca and the source of the 
Casuarinaccae 23-27m palynomorph (potentially 
Allocasuarina paludosa, A. pus ilia or Casuarina 
cristata). In turn, this implies the expansion of semi- 
arid communities in response to decreasing effective 
precipitation. Evidence for two extremely dry epi¬ 
sodes (zones LW8 and LW6), separated by a return 
to slightly wetter conditions (zone LW7), is provided 
by marked decreases in arboreal taxa and the occur¬ 
rence of very low pollen concentrations and barren 
samples. These zones are dominated by Pollen As¬ 
semblage I, suggesting the regional vegetation was 
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Figuro 4a 

f7g. 4. The Lake Wangoom percentage pollen diagram against depth. The dates are derived from uranium-thorium disequilibrium ( ) and AMS radiocarbon ( ) analyses (Harle etal. 2002). Taxaare 
arranged according to their representation in the dry landpollen associations . 


K.J. HARLE, A.P. KERSHAW AND E. CLAYTON 




















































































































































PATTERNS OF VEGETATION CHANGE IN SOUTHWEST VICTORIA 


127 



Figure 4b 
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Fig. 5. Pollen and charcoal density curves from core LW84 as derived from Edney (1987) Figure 6. 1 . The ratio of charcoal to pollen density is also shown to identify the effects of particle concentration on 
chareoal representation. The section used from this core to fill gaps in zones LW1, LW2 and LW5 in the LW87 core re bracketed 
by dashed lines. 
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composed of a mosaic of open Casuarinaeeae wood¬ 
land, scrub, heath and steppe. Chenopodiaeeae domi¬ 
nated saline wetland communities possibly existed 
in and around Lake Wangoom. The presence of Ter¬ 
tiary taxa in this assemblage (including the fern 
spores) may indicate erosion from the crater rim un¬ 
der a sparse vegetation cover resulting from extremely 
dry conditions. Support for this interpretation is pro¬ 
vided by the high inorganic content and magnetic 
susceptibility in these samples (Fig, 4). Alternately, 
the Tertiary taxa and ash material may actually have 
been fallout from nearby volcanic eruptions. One 
potential source is the Tower Mill eruption, which 
now has a minimum age of 30 ka (Sherwood et al. 
this volume). This is younger than the mean 50 ka 
UTD age determined for sediments within zone LW7 
(Haile et al. 2002), although it does fall within its 
uncertainty range. High charcoal levels in zone LW6 
may also have been derived from volcanic ash, 
whether from the Wangoom crater or from external 
sources. They may also indicate increased lire fre¬ 
quency and/or intensity in the region. 

Following the arid period of zone LW6, euea- 
lypt-dominated woodland appears to have once again 
expanded (zone LW5), implying a rise in effective 
precipitation. The dominance of this zone by Pollen 
Assemblage 3 suggests the regional vegetation con¬ 
sisted predominantly of open grassland and scattered 
stands of open euealypt woodland with a grassy 
understorey. Interestingly, the significantly reduced 
values of Astcraeeae B suggest the souree plant of 
this palynomorph was no longer an important com¬ 
ponent of the regional flora. Indeed, levels are simi¬ 
lar to those recorded for the previous two 
interglaeials. The regional vegetation present during 
this phase appears to have been remarkably differ¬ 
ent to those of previous periods in the Lake Wangoom 
record. A possible explanation for this is that climatic 
conditions were unique in comparison to those expe¬ 
rienced previously. However, other factors also 
needed to be considered, in particular the potential 
influence of fire. There is evidence in the previous 
zone (LW6) for possibly increased burning in the 
region, which may have contributed to opening of 
the regional vegetation. The charcoal evidence from 
the LW84 core (Fig. 5), from which data for this sec¬ 
tion was used, also indicates comparatively higher 
charcoal levels during the zone LW5 phase. Data from 
both the LW84 and LW87 cores indicate that this 
trend continued into the following phase (zone LW4). 
corresponding with evidence for an even more open 
canopied regional vegetation (Pollen Assemblage 2). 


The apparently close association of higher charcoal 
proportions and the presence of more open plant com¬ 
munities provides support for the argument that in¬ 
creased tire frequency and/or intensity had a signifi¬ 
cant impact on the regional vegetation from around 
50 ka to the end of the Last Glacial period. 

The final phase in the Last Glacial period (zone 
LW3) appears to have been extremely dry, with very 
low pollen concentrations (some samples are barren) 
implying the lake frequently dried up. It is difficult 
to determine if this was the most arid period in the 
record, given that Wangoom basin would have been 
markedly shallower than during the Penultimate Gla¬ 
cial due to over 20 m of sediment having been de¬ 
posited in the intervening time. With a much smaller 
lake capacity, the probability of the lake becoming 
dry during the late Last Glaeial would have been 
higher than during the Penultimate Glacial, when the 
lake reservoir would have been considerably greater. 
General shallowing of the lake is supported by the 
increasing abundance of aquatics through the record 
indicating the expansion of swamp. The palyno- 
stratigraphy of zone LW3 suggests the regional flora 
was dominated by open grassland/steppe and 
herbfield, with scattered occurrence of open semi- 
arid woodland and scrub, dominated by 
Casuarinaeeae (Pollen Assemblages 2 and 3). Over¬ 
all arboreal representation is extremely low, with 
Eucalyptus being largely absent. 

Zones LIV2-I (The Holocene). A radiocarbon age of 
1 L000T250 BP marks the commencement of a dra¬ 
matic and apparently rapid expansion of trees in the 
region, with a mosaic of dry sclerophyll forest. Eu¬ 
calyptus , Casuarinaeeae and Cupressaeeae (Callitris) 
woodland and temperate grassland becoming estab¬ 
lished (Pollen Assemblage 6). The latter most prob¬ 
ably formed a significant component of the 
understorey of woodland communities. Heath may 
also have been important in the understoreys of for¬ 
est and woodland communities. It also possibly grew 
within the Wangoom crater and around the lake mar¬ 
gins. This vegetation mosaic was widespread in the 
region throughout the early to mid Holocene (Zone 
LW2ii). The drop in the ratio of charcoal to pollen 
concentration suggests a reduction in the level of 
bunting in the region. 

A shift in the dominance of the regional vegeta¬ 
tion occurred around 4, 000 BP - euealypt woodland 
and open forest probably replacing that dominated 
by the Casuarinaeeae 23-27m species (either 
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Allocasuarina paludosa , A. pusilla or Casuarina 
cristata) and possibly Melaleuca. Communities 
dominated by the source of Casuarinaccac >28m 
(probably A. verticillata) appear to have remained 
important as does grassland. Unfortunately compara¬ 
tive charcoal data is not available for the whole of 
this period, due to the use of samples from the LW84 
core. Data that is available (Fig. 5) suggests fire was 
not an important component of the landscape, al¬ 
though little can be said about the period form ca 
3,000 BP to the present. 

Zone I contains clear evidence of the impact of 
European settlers on the regional vegetation with the 
establishment of Pollen Assemblages 4 and I. 
Widescale clearance of forest and woodland for pas¬ 
ture is evident in the sharp decrease in arboreal pol¬ 
len percentages and corresponding increase in 
Poaceae. The reduction in the number of pollen laxa 
present is testament to the loss of native floristic di¬ 
versity in the region and the appearance of Pintis , 
Plantago lanceolata and Asteraceae Liguliflorae 
(probably Taraxacum officinale and/or Hypochoeris 
radicata) signifies the spread of introduced plants. 
Low values of Cupressaceae pollen in this zone may 
be indicative of the presence of the introduced genus 
Capressus. 


DISCUSSION 

Multivariate analysis has proved extremely valuable 
in the interpretation of the Lake Wangoom pollen 
record. It has allowed the identification of pollen 
associations and assemblages, including communi¬ 
ties like warm temperate rainforest, which would 
perhaps otherwise have gone unnoticed or their rela¬ 
tionships unrecognised. The identified taxon asso¬ 
ciations for the most part make ecological sense given 
the present range of potential source plants. How¬ 
ever, in a few cases the associations are somewhat 
puzzling, particularly where they include taxa that 
appear to be in ecological conflict. In these cases it 
is likely that a mosaic of vegetation communities are 
represented, with the common factor being a similar 
response to climate change or that, due perhaps to 
extinction at a species level, associations have 
changed through time. The region incorporates a 
range of vegetation communities occurring along a 
distinct climatic gradient from the coast inland. Cli¬ 
mate change would result in different responses 
across this gradient. For example, an increase in ef¬ 
fective rainfall would likely cause an expansion of 


dry forest in central western Victoria paralleling cool 
temperate rainforest expansion in the wetter areas 
around the Otways. This would have been compli¬ 
cated by the role of soils, with spatial differences in 
soil properties contributing significantly to floristic 
and structural diversity of vegetation communities 
within climatic boundaries (Beadle 1981). A further 
complication would be the response of vegetation 
communities within the Wangoom crater, particularly 
in association with the local hydrology. Separating 
local from regional pollen can at limes be an impos¬ 
sible task, particularly in the case of widely dispersed 
pollen laxa. 

In general, the modem analogue analysis sup¬ 
ports the multivariate analysis. There is a good match 
between the closest modern analogues and the 
dryland pollen assemblages in many parts of the 
record, with the highest degrees of correlation oc¬ 
curring in dryland pollen assemblages 4, 5 and 6. 
This is not surprising given that they consist of the 
most recent samples and hence are most likely to 
contain vegetation akin to modern communities. 
Where there is no clear match, the fossil pollen spec¬ 
tra suggest the presence of communities no longer 
extant in the study region. For example, the modern 
analogues for most of the samples in dryland pollen 
assemblage I are not particularly close due to the 
significant proportion ofTertiary pollen they contain. 
The modern analogues determined for samples in 
dryland pollen assemblage 8, although much closer 
and exhibiting the general trends apparent in this 
assemblage, do not adequately re fleet the high pro¬ 
portion of Casuarinaccac, also suggesting that no 
close modem analogue exists. 

Multivariate and modern analogue techniques 
proved valuable not only in determining the compo¬ 
sition of vegetation mosaics growing in the region 
through the record, but also in identifying repeated 
occurrences of these mosaics throughout the se¬ 
quence. From this it was possible to recognise both 
cyclical as well as longterm shifts in vegetation com¬ 
munity and species composition in western Victoria 
over the last 200.000 years. Major, broad-scale 
changes in the regional vegetation were associated 
with the cyclical climatic fluctuations driven by glo¬ 
bal orbital forcing and most clearly reflected in inter¬ 
glacial and glacial periods - the former being charac¬ 
terised by the expansion of woodland and forest com¬ 
munities and the latter by the regional dominance of 
dry open steppe, herbfield and scrub communities. 
Superimposed on this is evidence for long term 
changes in the regional vegetation, with a signifl- 
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cant reduction in rainforest taxa in the last 100,000 
years and a trend to more open vegetation. This is 
highlighted when a comparison is made between the 
composition of the forest and woodland communi¬ 
ties in each of the three interglaeials. Both the Pe¬ 
nultimate and Last Interglaeials are characterised by 
a dominance of forest communities (ineluding ele¬ 
ments ol temperate rainforest) and very restricted 
representation of grassland. In contrast, the regional 
vegetation throughout the Holoeene was more open, 
with grassland communities having greater signifi¬ 
cance and elosed forest communities being very lim¬ 
ited in their extent. Rainforest and wet selerophyll 
understorey taxa appear to have been particularly 
reduecd. Possible reasons for this apparent long term 
shift towards more open vegetation include: increas¬ 
ing aridity through the Quatemaiy; long term changes 
in soil fertility, possibly associated with volcanic ac¬ 
tivity; and anthropogenic impact. 

Several lines of evidence indicate a trend of in¬ 
creasing aridity from the Tertiary through the Qua¬ 
ternary. Lacustrine records suggest lakes became 
seasonally dry from the mid Miocene (Bowler 1986; 
Singh et al. 1983), with the establishment of saline, 
evaporative lakes (playa lakes) between 0.9 and 0.5 
Ma (An et al. 1986; Bowler 1982; Bowler & Teller 
1986; Chen & Barton 1991). The initiation of dune 
formation has been dated to between 0.98 and 0.5 
Ma (An et al, 1986; Bowler 1982; Chen & Barton 
1991) whilst there is a marked rise in aeolian dust 
content in eores from the Tasman Sea towards the 
end of the Pleistocene (Hesse 1994). Evidence for 
vegetation change also appears to support the con¬ 
cept of increasing aridity, with pollen reeords from 
Australia demonstrating a shift from elosed-eanopied 
rainforest to more open, selerophyll vegetation (eg. 
Kershaw 1985; Longmore & Heijnis 1999; Singh & 
Geissler 1985). This trend appears to have acceler¬ 
ated in the late Tertiary (Kershaw 1988; Kershaw et 
al. 1994b; Martin 1989,1990; Me Ewan-Mason 1991) 
and continued through the Quaternary', culminating 
in the reduction and disappearance of rainforest from 
many regions of Australia towards the end of the 
Pleistocene (Bohte & Kershaw 1999; Colhoun & van 
de Ger 1998; Colhoun et al. 1977; Colhoun et al. 
1982; D’Costa 1997; Kershaw 1976, 1985, 1993; 
Kershaw et al. 1993; Longmore 1997; Longmore & 
Heijnis 1999). In southern Australia, evidence for 
the loeal extinction of rainforest taxa includes: the 
presence of Nothofagus cunnutghamii (which no 
longer exists on King Island) in the Egg Lagoon pol¬ 
len reeord between 90 and 120 ka (D’Costa 1997); 


the disappearance of rainforest taxa in the Lake 
Terang reeord from western Victoria after the last 
major wet phase (D’Costa & Kershaw 1995); and 
the disappearance of rainforest taxa in the Lake 
Wangoom reeord itself. However, maximum rainfor¬ 
est expansion in the Wangoom reeord oeeurred dur¬ 
ing the Last Interglacial, not in the Penultimate Inter- 
glaeial as would be expected if a long term trend of 
increasing aridity was the major cause of rainforest 
extinction in the region. Furthermore, the represen¬ 
tation of other key taxa in the sequence do not ap¬ 
pear to exhibit any long term trends. For example, 
values of Casuarinaeeae are highest in the Penulti¬ 
mate lnterglaeial and the Holocene whilst Eucalyp¬ 
tus has greatest representation in the Last Intergla- 
eial. Indeed, the evidence suggests that of the three 
interglaeials represented in the Lake Wangoom 
record, the Last Interglacial was the wettest, with 
the greatest and most sustained expansion of wet 
forest communities, including wet selerophyll and 
temperate rainforest. 

Fire has also been invoked as a major faetor in ' 
the expansion of selerophyll taxa and demise of rain¬ 
forest communities, with many reeords exhibiting a 
corresponding increase in charcoal content (Kershaw 
2002). To what extent this increase in lire was a re¬ 
sult of increasing aridity or by the arrival of people 
on the continent is the subjeet of much debate. In the 
Lake Wangoom reeord, evidence for increased burn¬ 
ing in the region between 50 ka and 23 ka is associ¬ 
ated with the opening up of the regional vegetation, 
in particular the expansion of grassland and open 
woodland communities. The implication is that tire 
was the cause of this vegetation change. What dis¬ 
tinguishes this phase from previous episodes of in¬ 
creased fire in the reeord, is the higher ehareoal/pol- 
len ration, suggesting more extensive and/or more 
frequent burning, coupled with the significant loss 
of woody taxa. None of the pre-Last Glacial phases 
of increased burning appear to be associated with 
comparable shifts in regional vegetation composition. 
A ehareoal peak early in the Last lnterglaeial (zone 
LW12ii) oceurs when euealypt forest was widespread 
in the region, with no significant vegetation changes 
before or after. A less pronounced but more sustained 
phase of burning during the Penultimate Glaeial ap¬ 
pears to be associated with an expansion of more 
open vegetation at the expense of woodland and for¬ 
est communities. However, there was not the same 
degree of loss of woody taxa as evident during the 
Last Glaeial burning phase. Furthermore, the level 
of burning appears to have been less during the Pe- 
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nultimate Glacial, despile the greater abundance of 
woody taxa and with it higher available fuel loads. 
The elevated levels of burning during both glacial 
phases may have been a natural response to the on¬ 
set of more arid conditions. Fire frequency is known 
to increase as precipitation decreases, due to the dry¬ 
ing out of fuel sources and subsequent increased flam¬ 
mability (Ashton 1993). Certainly, the rise in char¬ 
coal concentration during the Penultimate Glacial 
post-dates the shift in vegetation, suggesting drier 
conditions promoted the apparent increase in fire 
around this time. Unfortunately the lack of a compa¬ 
rable charcoal record for zone LW5 prevents a simi¬ 
lar assessment of the relationship between timing of 
fire and vegetation change during the Last Glacial 
burning phase. The apparent differences in burning 
levels between the two glacials cannot be explained 
by drier conditions, particularly when charcoal lev¬ 
els remained high during the Last Glacial for some 
time after the vegetation became very open and fuel 
availability would have been reduced. An alterna¬ 
tive explanation for increased burning is that in¬ 
creased volcanic activity in the latter part of the Last 
Glacial was responsible, with ignition by eruptions 
and lava Hows sweeping across an already dry land¬ 
scape. Certainly, elevated magnetic susceptibility 
levels (although not as high as in zones LW8 and 
LW6) could point to an increased component of vol¬ 
canic ash being deposited in Lake Wangoom. Erup¬ 
tions in the region are dated as occurring during this 
period, including Tower Hill (Sherwood et al. this 
volume). However, such eruptions were relatively 
infrequent relative to climate variation and succes- 
sional adjustment to vegetation. They were also spa¬ 
tially scattered, making a substantial impact on the 
regional vegetation unlikely. Another potential cause 
is the anthropogenic use of fire. It has been argued 
(Flood 1995; Jones 1969, 1975; Nicholson 1993; 
Tindale 1959) that Aborigines frequently used fire 
to aid hunting, promote the growth and regeneration 
of economically useful plants and to extend the range 
of more open vegetation rich in both faunal and plant 
food reserves. Increased levels of burning during the 
Last Glacial, therefore, may have been the result of 
the implementation of Tire stick fanning’ practises 
by Aboriginal people. This explanation has been in¬ 
voked for other records where there is evidence of 
major shifts in vegetation coinciding with increases 
in charcoal concentration (eg. Singh and Geissler, 
1985; Kershaw, 1976, 1986; Moss and Kershaw, 
2000). Clearly, more refined dating of the burning 
increase in relation to proven evidence for the tim¬ 


ing of Aboriginal presence on the continent is needed 
before a firmer link can be demonstrated. Whatever 
the cause, it is probable that the sustained incidence 
of fire in the region during the last Glacial contrib¬ 
uted to the disappearance of temperate rainforest 
communities from much of western Victoria and its 
current limited distribution to sheltered locations in 
the Otway Ranges. 

CONCLUSIONS 

Together, the use of multivariate and modem ana¬ 
logue techniques have allowed an objective and com¬ 
prehensive reconstruction of vegetation change over 
the last 200,000 years in western Victoria from the 
Lake Wangoom pollen record. Application of a cor¬ 
relation coefficient analysis to the occurrence of pol¬ 
len taxa throughout the sequence enhanced the rec¬ 
ognition of community types represented, with eleven 
pollen associations being identified. Amongst these 
is an association including elements of warm tem¬ 
perate rainforest, which does not currently grow in 
the region and which has not been identified in other 
late Quaternary records from the area. Several taxa 
included in this association have a broad ecological 
range (eg. Gyrostemonaceae) and without the statis¬ 
tical analysis, would not necessarily have been sus¬ 
pected as being part of a rainforest complex. The use 
of a stratigraphically unconstrained dissimilarity co¬ 
efficient technique to compare each pair of pollen 
spectra in the sequence enabled thirteen key pollen 
assemblages to be identified. Each of these assem¬ 
blages consists of a unique combination of pollen 
associations and represents a mosaic of vegetation 
types present in the region at the time of sediment 
deposition. In general, these reconstructions are sup¬ 
ported by modem analogue analysis carried out on 
each of the pollen assemblages. However, in some 
cases the match between the modem analogues and 
the reconstructions was poor, implying the presence 
of vegetation communities and/or species no longer 
extant in the region. An extreme situation occurred 
with Tertiary taxa during dry phases in the Last Gla¬ 
cial, most likely indicating erosion of Tertiary mate¬ 
rial from the Wangoom eratcr, as well as the occur¬ 
rence of Casuarinaceae dominated assemblages dur¬ 
ing the Penultimate Interglacial which appear to have 
no modern equivalents in the region. Not unexpect¬ 
edly, the closest correlation between the modern and 
fossil spectra occurred toward the top of the record. 

The statistical analyses also improved the recog- 
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nition of repetition of vegetation mosaics through 
time. From this it was possible to identify not only 
vegetation change associated with interglacial-gla¬ 
cial climatie cycles, but also fluctuations within inter¬ 
glacial and glacial periods. Broadly speaking, 
interglacials were characterised by an expansion of 
forest communities; glacial periods by the dominance 
of open semi-arid to arid grassland, herbfield and 
scrub; and interstadials by the expansion of wood¬ 
land, grassland and some dry sclerophyll forest. This 
cyclical pattern appears to have been overlain by a 
long-term trend towards more open vegetation, with 
a reduced presence of woody understorey taxa and 
increased dominance of grassland during the Last 
Glacial and Holocene periods. There also appears to 
have been an accompanying demise in the represen¬ 
tation of rainforest taxa in the region. Increasing arid¬ 
ity through the Quaternary provides one possible 
explanation, which is supported by other evidence 
from the region. However, this is not supported by 
the evidence for variation between the interglacials 
in the Lake Wangoom sequence, with the Last Inter¬ 
glacial exhibiting greatest expansion of rainforest and 
wet sclerophyll taxa and therefore likely to have had 
highest effective precipitation. 

Fire provides an alternative or additional expla¬ 
nation for the opening up of the regional vegetation 
during the last ca 50 kyrs. Higher relative charcoal 
concentrations are associated with this apparent shift 
in vegetation, suggesting that either increased fire 
frequency and/or intensity during the late Last Gla¬ 
cial and Holocene periods was a major contributing 
factor. Such a change in fire regime may have been 
the result of the use of fire by Aborigines, possibly 
enhanced by increased volcanic activity. 
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